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ORE PURIFICATION 
Field of the Inventions 

This invention relates to a froth flotation process 
for ore purification* More particularly, the invention 
relates to a process for the separation of the phosphate 
mineral known as apatite from contaminants which are mined 
with it. 

Background to the Invention; 



Froth flotation has for many years been used to 
select from ground mineral ores desirable components and 
15 many chemicals have been employed for various purposes in 
the flotation processes hitherto used. 

As is well Jcnown the principles of the process 
involve the preferential flotation of one component from 
20 the ground ore in the froth which rises to the top of the 
* aqueous dispersion containing the selected chemicals, 
whilst other components of the ground ore pass through the 
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system. Depending on the conditions, the desirable 
component can be floated out with the froth or, 
amatively, passed out with the residual slurry for 
further separation at a later stage in the process. 

The factors affecting these processes are highly 
complex and relate, obviously, to the type of ore under 
treatment, the chemicals used, the quality of the water 
used in the flotation process and many other factors such 
as the interaction, of the .flotation chemicals on each , 

other and on the components of the ground ore to be , 

treated. 

Apatite is a group of calcium phosphate minerals 
15 which have the general formula Ca g X <P° 4 ) 3 -ere X is a 

monovalent ion which may be F, CI, OH or % C0j. Xt occurs 
as hexagonal crystals , .granular masses and other forms and 
is a major constituent of phosphate .rocX. This latter 
source comprise an apatite in association with calcium ■ 
20 carbonate and other minerals, for example those w^ch are 
silicate based. 

This iwe irt4-on-isr-pa^t-icularly concerned. with. the _ 
extraction of apatite from ores containing 

25 amounts of calcite and silicate minerals. A typical ore 

to which the present invention can most readily be applied 
will contain between 5% and 35% apatite of the order of 
10% to 40* calcite and the remainder various 
compositions. In view of the large amounts of minerals 

30 which are treated by flotation processes, the cost 

effectiveness of the flotation chemicals rs of great 
significance and even relatively minor improvements » 
yield can be of great commercial importance, ^tberto 
• L tendency has heen. to use 

35 such as tall oil, kerosene fractions and vegetable oil.. 
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General description of the inventions 

The invention provides a process for the selective 
froth flotation of calcium phosphate containing materials 
in an aqueous flotation bath in the presence of calcium 
carbonate which comprises performing the flotation in the 
presence of a mixture of i) an amine oxide of formula 
R 2 R 2 R 3 tt-0 in which R ± is an alkyl radical containing 1 to 
3 carbon atoms, R 2 is an alkyl radical containing 1 to 3 
carbon atoms, and * 3 is an alKyl radical containing 6 to 
22 carbon atoms and ii) a branched chain C 16 to C 2Q fatty 
acid. This process provides a high usable concentration 
of the desired apatite with good separation from the 
gangue . 



Usually the flotation will be performed at a pH in 
the range from about 8 to about 12, preferably about 9 to 
about 10. The amine oxide and branched fatty acid will, 
usually be present in the mixture in a weight ratio of 
20 from about 1:10 to about lsl r preferably from about 1:3 to 
about lsl. The process of the invention is of particular 
value wherein the electrolyte content of the feedstock 
water is above about 500 ppm. 

25 The invention extends to "the calcium phosphate 

containing materials obteined as a product of the process 
of the invention. 



Literature ; 



The applicants are aware of US 4337149 (Sherex 
Chemical Co) which describes a froth flotation process 
using amine oxides as promoters in the separation of 
phosphate ore but this disclosure does not describe the 
35 use of amine oxides with branched fatty acids to obtain 
the benefit identified by the applicants. The Tennessee 
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Valley Authority disclosed the use of mixtures of branched 
C16-C18 fatty acids to recover Florida phosphate ore in US- 
Defensive Publication T980002. 



Test Method 



Microflotation Experiments: These used a 
microflotation cell based on Partridge and Smith and 
further modified by Harris (Mintek) . Flotation 

10 experiments were carried out in electrolyte solutions with 
compositions designed to mimic those in use at the Foskor 
plant (Pbaiaborwa area) Eastern Transvaal. The hardness 
of these waters are well in excess of levels reached under 
normal conditions in equilibration with the minerals in 

15 distilled water. 

Sample Preparation: 2g crushed, sieved (45-106 pm) 
pure mineral (Canadian fluorapatite, Iceland spar calcite 
or Phalaborwa diopside) was stirred vigorously in 

20 distilled water for five minutes. At the end of this 
period, the dispersion was allowed to settle. The 
supernatant liquid and any suspended fines ('-slimes') was 
decanted off and the mineral washed into a 600 ml beaker 
with 250 mis distilled water and held under constant 

25 stirring. 4.8 mis of solution A and 4.8 mis of solution B 
were introduced, in order to duplicate the electrolyte 
composition of fresh river water in which mineral is 
conditioned with flotation chemicals at the Foskor plant. 

30 . (i) Solution A Solution B 

• 1 litre of distilled 1 litre of distilled 
water containing water containing 



35 



I0.29g CaCl 2 .2B 2 0 22.74g MgS0 4 .7H 2 0 

2.05 NaCi 4.20g*aHCO 3 
0.75g. KC1 0.21gNaF 
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Mineral Conditioning! The silicate slurry was 
adjusted to 9.5 (ail. NaOB) and x mis of 0.5% (w/w) sodium 
silicate solution was added to the slurry with continued 
stirring* The pH was then restored to 9.5 and the 
5 suspension left stirring for 15 minutes. After this, 2.0 
mg of surfactant {as a 0.1 mg ml" 1 solution) was added 
under continuous stirring and the pH restored to 9.5 if 
necessary. A further 15 minutes of stirring was then 
allowed for conditioning of the mineral. .1.2 mis of 

10 solution C and 1.2 mis of solution D were added to 2D0 ml 
distilled water which was then added to the slurry , still 
under continuous stirring. A final pH adjustment to 9,5 
was then carried out if necessary* This solution addition 
allows duplication of the electrolyte composition of a 

15 mixture of river water and recycled plant water 

{'reclaimed water 1 ) in which apatite flotation takes place 
at Foskor. The slurry was conditioned for a final 15 
minutes. 

20 <ii) Sblution C Solution D 

1 litre distilled 1 litre distilled 

water containing water containing 

44.10g CaCl 2 .2H 2 0 236. 54g of MgSO^TI^O 

25 11.07g NaCl " 0*67g of NaHC0 3 

0.84g of WaF 
22.62g of K 2 S0 4 
90.8Bg of Na 2 S0 4 

30 The liquid/mineral slurry was then transferred to the 

microflotation.cell, washing with distilled water to 
ensure quantitative transfer of the mineral and to make up 
a total volume of 600 ml (the volume of the 
micro-flotation apparatus) . 

35 



PAGE 14/25 * RCVD AT 12/15/2004 7:33:14 AM [Eastern Standard Time] ■ SVR:USPT0-EFXRF-1/1 * DN1S:8729306 * CSID704 331 7707 ' DURATION (mm-ss):0M8 



DEC-1 5-2004-WED 08:48 AM >^^IANT CORP LEGAL FAX No, 704 33^37 



P. 015 



- fi - R.3034 



Flotation of Minerals Nitrogen gas was passed 
through the suspended mineral in the cell at the rate of 

' X3 ml min' 1 for 5 minutes. At the end of this time, the 
gas flow was stopped and- the mineral floated was 

5 collected, oven dried and weighed. 

These test procedures were followed using 
tetradecyldimethylamine oxide obtainable from Akzo under 
. the trade name Aromox DM14D-W as the amine oxide component 

10 and isostearic acid obtainable from Unichema under the 

trade name Prisorene 3508 'as the 'branched fatty acid. The 
tall oil was of commercial standard the nonionic 
surfactant was Nonylphenyltetraethyoxylate obtained from 
union carbide under the trade name Tergitol NP-4. The 

15' sodium silicate solution used had a weight ratio of 

Si -.Wa,o of 2:1 and was obtained from Crosfield chemicals 
• under the tradename Crystal 120A. Comparative experiments 
were performed using a mixture of the amine oxides 
branched fatty acid in a weight ratio of 3*7 at a level of 

20 2 mg in the test method. This combination was compared 
with mixtures of each component with standard flotation 
component as currently employed. at Foskor . The results 
are given in Tables I, II and III. NM indicates no 
measurements was made. 

25 

The term 'selectivity* is a measure of the separation 
of the desired apatite and the calcite* It is the 
difference between the percentages of these components 
30 which are floated. 
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Table I (tall oil and amine oxide) 



Volume (mis) 


% component floated 




Silicate 


Apatite 


Calcite 


Diopside 


Selectivity 


5 Solution 










0 


35.3 


30.2 




5.1 


1 


12. fl 


28.3 


KM 


(15.5) 


2 


7.5 


21.1 


NM 


(13.6) 


10 3 


4.4 


17.6 


NM 


(13.2) 


5 


4.2 


7.9 


1.4 


(3.7) 



20 Table II (ieo-stearic acid and nonionic surfactant) 



30 



Volume (mis) 

Silicate 

Solution 


% component 
Apatite Calcite 


floated 

Diopside 


Selectivity 


0 


62*8 


.57.0 


6.4 


5.8 


1 


57.0 




NM 


13.1 


2 


27.5 


38.8 


NM 


(1.3) 


3 


17.8 


36.4 


NM 


(18.6) 


5 


16.5 


24.9 


1.6 


(8.4) 



; 35 

i 
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Table- III (iso-stearic acid and amine oxide) 
Volume (mis) % component floated 

Silicate Apatite Calcite Diopside Selectivity 

Solution 



0 
1 

2 

10 3. 
4 
5 
8 



50.5 


29.8 


0.8 


20.7 


46.1 


19. S 


NM 


26.6 


49.5 


12.2 


KM 


37.3 


32.6 


13 .8 


KM 


18.8 


16.fi 


NM . 


NM 




8.2 


14.0 


0.5 


(5.8) 


NM 


7.8 


NM 


NM 



These results demonstrate the use of amine oxides and 
branched fatty acids together provide a high usable 
flotation of the desired, apatite together with good 
geparation from the gangue components. 



20 
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Claims 



1. A process for the selective froth flotation of 
calcium phosphate containing materials in an aqueous 

5 flotation bath in the presence of calcium carbonate which 
comprises performing the flotation in the presence of a 
mixture of i) an amine oxide of formula R^R^N-O in which 

R l is an alJcyl radical containing 1 to 3 carbon atoms, R2 
is an alkyl radical containing 1 to 3 carbon atoms, and 
10 is an alkyl radical containing 6 to 22 carbon atoms and 
ii) a branched chain C lfi to C 20 fatty acid, 

2. A process according to claim 1 wherein the flotation 
is performed at a pH in the range from about 8 to about 

15 12 , preferably about 9 to about 10. 

3. A process according to claim 1 or 2 when the amine 
oxide and branched fatty acid are present in the mixture 
in a weight ratio of from Is 10 to lsl, preferably from 1:3 

20 to lil. 

4. A process according to any preceding claim wherein 
the electrolyte content of the feedstock water is at least 
about 500 ppnw 

25 

5. A process according to claim 1 substantially as 
herein described. 

6. Calcium phosphate containing, materials concentrated 
30 by the process of any preceding claim, 

♦ * * * * 
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a) Titel dex Exfindung 

Tettamin tux die flotation von Zalisalsen . 

b) m Anwendungsgebiet <3ex Exf indung 

Die JSrfindons betxi£ft den Einsatz eines speziellen 
Alkylamins bei dax flotation von Zalisalzen unter ex~ 
bobten Jlo-tationstemperatuxen* 

c) Cbaxakteiistik der bekannten tecbniscben XosimgeTi 

Weson zablxeiobex Vorteile bat das- Vexf ahren eicet flota- 
. tiven Aufbereitung von Xalisalzgeraiscben naturlicber odex 
tecbniachex Hexkunft zu "Ztviscbenpxodulrten odex lLalidiinge-' 
mittela mittels Je-ctaainsammlern .weite Vexfcxeitung ge- 
funden* Euxcb den Zusatz des -yettamins bzw* seinex Salze 
zux Flotatlonstxube wixd die 'wextiainer alkomponente bydxo- * 
- pbobiext und damit befahigt, in angexeicbextex Form im 
Eon2entxat ausgetxagen und gewonnen zu v;ex<3en# Natuxge- 
maB baben die chemische Constitution des Ssmsilers, sein^ 
Aufbexeit.utig and die JBedinguugen seinex Dosiexung den 
gxoBten Zirdrlofl auf seine Adsorption und demit bu£ seine 
rfixkung. In dex fiegel wexden pxiiaare Fettamine a of* dex 
Sasis von liexkoxpexfetten C Talgaaine ) mit unterschied- ■ 
lichen Gebalten an ungesattigten Aiainen eingesetzt* iiJin 
bekanntex Vextxetex 1st beispielsweiae de s Ro£amiu g# in 
Hiscbungen'ait diesen Aminen finden kux'zkettige ADcyl- * 
amine \ wis sie z*B. im Kokosamin voxhanden sind, Vex- 



1 ^H,-^ • /! ' TT*EPg? 
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Aucb die Anweadung von Aminen aus syntbetiscben Pe-fct- 
sa\axen words voxgasoblagen» 

Unter' noxmalen /cecbnologiscben Bedingimgen entf alten.die J. 
bisbex angewaDdteis Saamler ibie Wixksamkeit. Bei ab- 
weichendea tecbnologischen Paiametern, wte sie a. a. die 
eihohten Irubetempeiatusen lm SommeinalbdsbT daistailen, 

oder bei dex Veraxbeitung von Salaen mit exbohter Jempe- 
xatur, wie,es in der Kegel bei Salzea aus gxoflexen leu- 
fenbereichen voxkoamt, der Pall ist, treten Scbwiexig- 
! ^ ' keiten bei dex Euxcbfiihxung des Plotationsprozessas a of » 

• J Sie zeigea sicb in einer Vermindextmg dex 3?r oaeBbebexx- 

• acbung und einea Kuckgang des tfertstoff aiisbriageiis. Es 
wexden bohexe AmindosBn exfoxdexlicb, die -fexota des -gxoB- 
eren Eostenaufwaades die ge'nanntjen .tecbnologiscaen Nach- 

I teile nicht beseitigen koanea. So exgeben sich duxeb die 

I erfordexlicben hobexen Aminaengen weitexes Pxobleae in den- 

; • •' nachgeschalSeten Vsxrab3?ecsschxitten.. In dex gewSbnlicb 

| - zux VexgxSbexung dss Peinanteils nachgeoxdneten Gxanu-- 

lierstmle sinken die Gxanulatausbeute and die Gxanulat- • 
| festigkeit wegen der boben Aminbeladuag des Gutes stark 

| a0# ' . 

I ^ 2ur Beseitigung dex daxgestellten Nachteile bei bShexen 

-f Slotations-cemperatuxen wuxde sine Eeihe von BnpfebUmgen 

-in der einschlagigen litexatux vexofleatlicbt. Neben einer 
enexgieaufwendigea Knblung dex Plotationstxaglaugen. bzw- 
Zlotationstruben betreffen diese VorscblSge reagens- 
seitige MaBnahaea- Voxgescblagen wuxde die Verwendung • 
I von Amingeiftisctaen mit unterscbiedlichen Gebalten b'-S- von 

dex Tempexatux abbangigen Zusaaaiensetzungen. Aucb woxde 
die Vexwenduag von Aminec mit unterscbiedlicben Gebalten 
' an ungesat-tigten Perfcaminen gensnnt. So soil der Einsatz 
von Amingeplschen mit arbobten Anteilen von Olevlamin und 
; Qktadeceaylaaia ( Jodsahlea urn 2o- ) in den Soanermonsten 

! kunstige Aus-.7irkungen ze igen. 
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Die bisher verSff entlichtea Vbrschlage konnten die auf- 
txetenden Scbwiexigkeiten nicht beseitigen, so daB .sie 
nicht zux praktischcn Anwendung kamen. 

2iel dei" Erfindung 

Die Erfindung bat das Ziel, sowohl die aufgezeigten 
technologiachen and okonomischen Nachteiie bei dex Flo- 
tation von Ealisalzen bei boheien Tempexaturen zu be- 
seitigen, als auch. ein bessex zu gxanuliererides Ssli- 
saizk'onzentrat hexzustellen- Daza ist ein geeignetea Fett- 
amin a is Samalexxeagens zu entwickeln. 

Dexleguhg des iVeeens del Erfindung 

wurde gefunden, daB duxch den Sinsatz tocxiertex pri- 
mal er Alkylaaine ait einem Vexhaltnis der KettenLangen- 
anteile : C^ Q ; C 2o : 0^ wie 10... 25 : i>5... 7o J 4 

" _1 



•gjo voxzngsweis e 15 : b5 



'joauf del 



Basis nattixlichex odex synthatischer A usa;angssubstansen 
das Problem gel5st ivixd. Dei Kritaaxanteil soll-dabei den 
Y/ext von 92 % nicht unteisciireiten. Duxch den Einsetz 
dieses Eettaiains, auch in Porn seinex loslichen Salze 
ait anoxganischnn Oder oxganischen S&uxen als Ldsung odex 
als pulsion zur Kalisalzflotetion, weiden die sonst auf- 
txe'tenden technisch-okonomischen Vorluste vermiedon. 
jjj s gelingt, ein bessex granulierf&higes Ealisalzkonzea- 
txat hexzustellen. Dieses Asi n ist bei hobexen Flotations- 
tempexetuxen mit Erfolg einzusetzen. 

Ausf ilia ungsbeispiel 

Die tfirkuns des exfindungsgemsBen Fettamins wixd im. 
folgenden' Ausfiihxungsbeispiel dargestellt. 
Das Ausfubiungabeispiel zeigt den Vexgleich der Exgeb- . 
nisse zweiex Flotationspiozesse mit einem sylvinitiscben 
Hohsal2 als : Auf gabcgut , bei d-Sia- einaal als SaGaileixeageus 
eioe Probe des ezf indungssenaeen Fettaaina ait der Be- 
zeichniing Rofamia' RD u nd deia Kettenlangenverbiiltnie 



c 16 s c i8 ; u 2o 



'27'. 



11 in eri'ncni 
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sweita* Pall ei^ des bisbef auaschlieBlicH ei* S e- 

se t a ten Robins !PD untar sonst gleichaxtiga* Bedinguugen 
eingesetzt wirrde. 

Die nachstefcende* Plotatlonsrestiltate wuiden exalelt : 

> 

iLiSS " ' • jassjV ^r n "_ 

~ " g/t " 5 V " * \ - t -' 

•Bofaain 5o 58,3 88,3 8° 
Rofaain'nm 63 58, a ' B6 ^ _ ^ ~ ^ 55 

;o aS Beispiel" zeig* deutlich ate tfberlegeaheit deo ex- 
findunsssemaJi'en ffattunliM Boxamin RD> Duicb Zusata einex 
eexingeren spezif iachen Sanalermense lifit sioh nit ves- 
besserten-Yeifabxenskeonaiifexu ein gut g *,mulier*aiii6M 
Z.3JLdOsg*Ml*'UMngw Das wixd aucb. duxch einen er- 
hSbten Aussxag gxobkbxnigen Saissa im Xo^entiat p«wukt. 
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Erf ind utigs acusjiruch 

U Pettamin fUx die Flotation von Kalisalzeu apeziell anter 
arhohten Plotationatempexaturep, dadurch jekenwuetoet , 
aafl daa atis naturlicben oder aynthetischen Ausgatigg- ■ 
.abflt-Men.hePfiestelite naiieau geaattigte Altylaain ein Vex- 
hSltnifl dar KeiteDlaoseaanteils C lg : C 18 * ^ 2 0 : °22 
w£e 10 ... 25 . 55 70 ; 4 ... 10 : 5 ... 20 vorzugov^se 
75 i 65 : 5 : 10 aufweiat und einen Anto.il von mindeatens 
32'% PrimSraain entha'lt. 
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